What is the function of the cerebellum? Since the pioneering studies of Reil, Flourens, Magendie, BrownSequard, and their contemporaries,' neuroanatomic analyses have emphasized the overriding importance of the cerebellum and its efferent and afferent tracts in proprioception and the integration of purposeful movement. Yet, over the last two decades, a substantial body of knowledge has begun to suggest a more subtle role for the cerebellum in behavioral patterning and as a part of a cognitive regulatory network extending to the hippocampus, septum, amygdala, and the limbic system.2 This regulatory network may be capable of modifying various emotion-laden psychological processes such as sensory integration, aggression, and reproductive arousaL3-'l Some subjects suffering from diffuse psychopathologic states such as senile dementia and autism demonstrate significant abnormalities in cerebellar morphology and histoanatomy."$) In autism, for example, some postmortem histopathologic and morphometric analyses have revealed gross hypoplasia within the cerebellar vermis, diffuse loss of Purkinje cells throughout the cerebellar hemispheres, and a 50% to 90% loss of Purkinje cells in the archicerebellum.x,9 While these data are controversial and apparently at odds with recent correlative MRI studies performed on autistic children, I n the reported histopathologic patterns are provocative and suggest that the cerebellum and its projections may be implicated in important nonmotor functions.
The hypothesis that the cerebellum is involved in emotive processing and cognitive activities is not new." In fact, this supposition was at the center of an acrimonious dispute between the 19th-century phrenological movement and its skeptical detractors from the academic mainstream." According to Franz Joseph Gall ( 1758-1828), t h e peripatetic Swiss neuroanatomist, psychologist, iconoclast, and international impresario who founded phrenology some two centuries ago,l2-l4 the motor functions of the cerebellum were entirely secondary. For Gall and his followers, the cerebellum was nothing less than the primary anatomic locus of love.':'
To understand the basis of Gall's conjecture, it is necessary to appreciate the intellectual context of the phrenologic movement.':' Born into an era that was heavily influenced by Rousseau and the neoclassic Naturphilosophie movement (which emphasized detailed comparative anatomy studies aimed at deciphering the hidden relationships between biological structure and function), Gall postulated the existence of an orderly neuronal hierarchy composed of a series of relatively autonomous intracerebral ganglia, each devoted to a certain type of thought process or activity and each capable of reciprocal reinforcement or inhibition through an interconnecting network (figure l).l:I The relative importance of each type of thought process in the overall psychologic make-up of the individual could be inferred, Gall claimed, by cranioscopic examin ation of the indentations in the skull overlying each of these neurologic loci. A well-trained phrenologist could thus pass judgment on the character of an unknown individual either ante-or postmortem merely by taking certain key measurements of skull topography (figure 2). The cerebellum was considered the primary node in this hierarchy, and was considered the locus of sexual ("amative") love, while the overlying occipital pole and cuneus was considered the locus of maternawpaternal love for one's children and dependents ("philoprogenitive" love 1. The surface anatomy correlates of these centers are depicted in figure 3.
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From T h e i m p e t u s for t h e s e claims a p p a r e n t l y s t e m m e d originally from comparative n e uroanatomic animal dissection data t h a t led Gall and his proteges to posit the existence of discrete gender-based differences in the surface anatomy of the skull and soft tissues overlying the posterior fossa region.13,1s--'8 They drew attention to the fact that human male cerebellar dimensions were often somewhat-larger than those for females and that flaring of the sub-occipital trapezius muscle a t the nape of the neck (thought to indicate intense cerebellar activity) was a common male courtship gest u r e across m a n y species of vertebrates.'"Ix Conversely, they claimed that the degree of occipital overhang at the bony inion appeared more pro- nounced in some females of certain species compared with males, especially in humans and other higher primates.I5 To Victorian minds, these empirical patterns appeared to correlate with the widely accepted male drive for reproductive sexual love versus the more refined female emphasis on platonic nurturing and philoprogenitive love.
Predictably, these views were attacked by most 19th-century academic neurologists who had been profoundly influenced by the contemporary work of Magendie, Flourens, Cuvier, and Rolando. All of these investigators reported t h a t small surgical lesions introduced into the cerebellum of experimental animals resulted in various degrees of ipsilateral weakness, disequilibrium, and loss of motor c o~r d i n a t i o n . ' , '~ Measured against these elegant experimental vivisections, Gall's unsubstantiated claims that the posterior fossa region was the locus of "love, philoprogenitiveness, a n d many other propensities and noble faculties" seemed to his skeptical critics "a collection of mere absurdities, a n incoherent rhapsody [suggesting] absolute insanity, gross ignorance, or the most matchless arrogance."' Gall and his followers responded t o these attacks by downplaying the significance of the animal vivisection results. They claimed that gross surgical removal of any one part of the brain produced global dysfunction and early mortality, thus making structurelfunction interpretations dif- was ficult.15.1X.'Y Instead, they proposed to answer the question of cerebellar function by empiric studies correlating cranioscopic dimensions with personality traits in a large number of individuals. To this end, they collected a large series of case reports in which they either analyzed the skull shape of individuals of known psychological character or analyzed the character of individuals with unusual skull shapes. Many of these phrenologic vignettes were collected and published together with related neuroanatomic studies in a summary volume published in 1838 entitled O n the Functions of the These anecdotes comprise a n interesting mix of neuroanatomy, philosophy, and social One a n a l y s i s d e t a i l s t h e case of a c e r t a i n Viennese fortune teller, famous for his libidinous desires and debauches, who was found on postmortem examination to have an amazing degree of commentary. 1 r,. I li 1t4. 19 930 NELJKOLOGY 42 April 1992 cerebellar convolution and hypertrophy. Another case involves a well-known society physician whose occipital ridge was said to extend below the level of the external auditory canals. He outlived three exhausted wives and was rumored to require the near-constant attention of four vigorous mistresses. Other vignettes deal with traumatic injuries to the posterior fossa region and their apparent effect on subsequent amatory function. Among these is a t r a g i c story involving a n 18-year-old F r e n c h Foreign Legion soldier who was sabered in the nape of the neck during the Battle of Alexandria and who subsequently became impotent and lost all secondary sexual characteristics. Still other case histories involve cranioscopy or postmortem dissection of prisoners charged with various despicable crimes. One particularly interesting section concerns the cranioscopic examination of a series of 29 women prisoners convicted of child-killing. Twentyfive were judged to have "feebly developed" philoprogenitive loci, and most were also thought to have enlarged "organs of destruction" (said to be located in the area of the mesencephalon).
Although the phrenologic movement emphasized diagnosis over therapy, some therapeutic approaches are discussed. For instance, Gall mentions the case of a young Parisian lady born to a proper family who was ceaselessly tormented by her voracious sexual drive and the social temptations of Paris.lS Unable to control herself, she eventually fled to the countryside, where she lived in isolation with her mother. She was able to give up her self-imposed social exile only through the periodic application of leeches to the flesh overlying the cerebellum on the back of the head.
The neural output of the cerebellum was considered to exert a profound influence on many other centers, as well as on many end-organs.15, 21, 22 The relationship between the neuroanatomic locus controlling a trait and the extracranial viscera responsible for carrying out that type of behavior was a question that evoked much discussion in phrenologic circles. In the case of the amatory centers, the cerebellum and external genitalia were thought to be lateralized and reciprocally activating. Thus a critical injury to the left testicle was expected to result in the gradual atrophy of the right cerebellar lobe, a n d vice versa.Ix Precocious puberty was thought to result from infantile hypertrophy of the cerebellum, while priapism accompanied by loss of consciousness was thought to be a sure sign of cerebellar stroke.Is Gall was fond of discussing some of these shocking syndromes in his series of public subscription lectures given in Vienna, and he was e v e n t u a l l y b a n n e d from public s p e a k i n g by Emperor Francis I on grounds of immorality.14,1H (Gall later claimed t h a t he had always advised ladies and sensitive men to leave the room before broaching these topics.) He moved to Paris in 1807 and became a French citizen in 1819. Although Napoleon was wary of his disruptive influence and lack of respect for authority, Gall became a powerful force in French salon society, and was retained as a consulting physician by Stendhal, Metternich, and the staffs of 12 embassies.14 Despite the rejection of all major tenets of phrenology by the academicians of the time, the movement flourished, and its intellectual influence extended t o such noted luminaries as Hegel, Bismarck, Marx, Queen Victoria, a n d Walt Whitman.I4 Phrenologists gave "skull readings" to anonymous volunteers in packed auditoriums, and amateur phrenology was a popular Victorian parlor game.14J7 Analyses of cerebellar morphology and compatibility were considered by some couples to be important prenuptial checks, and popularized versions of phrenologic texts (complete with instructions and cranioscopic instruments) were widely available to the public in the United States and England.2n, 25 The purported key to the analysis of cerebellar size by surface anatomy was the degree of protrusion of the inion backward and downward at the external occipital protuberance.18
Using the methods described in the texts, cagey lovers could perform a discreet examination of prospective partners' crania with an unobtrusive hand slung casually over the shoulder.20 Using surface anatomy landmarks, the topographic location of the center for amativeness was obtained by starting at the middle of the back of the ears and drawing a line backward 1.5 inches; this gave the lateral margin of the locus. The philoprogenitive center was located topographically by drawing a line from the outer canthus to the top of the ear, and continuing this line straight back to the middle of the back of the head. The extent to which the head projected beyond the ears at that point suggested the size of the locus. 25 Phrenology ultimately came to symbolize the worst aspects of pseudoscience and quackery, although much of this reputation can be traced to the popularized writings of some of Gall's less academically inclined disciples such as J.C. Spurzheim and George Combe. Though considered bombastic, Gall himself was grudgingly acknowledged by the academicians to be a skilled anatomist,'l and even his arch-critic Flourens admitted that when he first saw Gall dissect a brain by "unfolding" it along its natural gyric lines, he felt as though he was "seeing the organ for the first time."14 Gall's supporters were quick to point out the close anatomic correspondence between Paul Broca's description in 1861 of a locus for aphasia and Gall's earlier location of the ganglion that he claimed was responsible for word memory.14~21~22
Most of its scientific precepts had long been discredited, but pop phrenology continued to be practiced well into the 20th century. Indeed, some credit phrenology with the development of the first integrated doctrine of cerebral localization, thereby placing the mind firmly and completely within the brain.22 With respect to the posterior fossa, it is clear from a 20th-century vantage point that Gall was far too categorical in his claim that this region was primarily responsible for emotive behavior and sexual function. But newer data on the nonmotor functions of the ~e r e b e l l u m~-~ and recent analyses of behavioral changes in humans and animals who have undergone cerebellar seem to point to a widely unappreciated level of complexity i n t h e relationship between t h e s u p r a -and infratentorial structures. I t has now been 200 years since Gall published his first major treatise on the philosophy of medicine, a treatise that contained the kernels of some of the central phrenologic hypotheses.12 It is both entertaining and intriguing to reread the case analyses presented in the phrenologic literature in light of the new information now being accumulated on cerebral localization of sexual and emotional drives and on nonmotor aspects of cerebellar function.
